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Purpose: To compare radiation exposure of nurses when performing nursing tasks associated with interventional procedures
depending on whether or not the nurses called out to the operator before approaching the patient.
Materials and Methods: In a prospective study, 93 interventional radiology procedures were randomly divided into a call
group and a no-call group; there were 50 procedures in the call group and 43 procedures in the no-call group. Two monitoring
badges were used to calculate effective dose of nurses. In the call group, the nurse ﬁrst told the operator she was going to
approach the patient each time she was about to do so. In the no-call group, the nurse did not say anything to the operator when
she was about to approach the patient.
Results: In all the nursing tasks, the equivalent dose at the umbilical level inside the lead apron was below the detectable limit.
The equivalent dose at the sternal level outside the lead apron was 0.16 μSv  0.41 per procedure in the call group and 0.51 μSv
 1.17 per procedure in the no-call group. The effective dose was 0.018 μSv  0.04 per procedure in the call group and 0.056
μSv  0.129 per procedure in the no-call group. The call group had a signiﬁcantly lower radiation dose (P ¼ .034).
Conclusions: Radiation doses of nurses were lower in the group in which the nurse called to the operator before she
approached the patient.
ABBREVIATIONS
Ha = 1-cm dose equivalent at the sternal level on the outside of the lead apron, Hb = 1-cm dose equivalent at the umbilical level
inside the lead apron, HE = effective dose of nonuniform exposure (HE ¼ 0.11 Ha þ 0.89 Hb)Komemushi et al (1) prospectively investigated the radi-
aion dose in nursing tasks associated with interventional
radiology procedures, and they reported that the
effective dose per procedure was 0.14 mSv. Radia-& SIR, 2014. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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A.K.; E-mail: kome64@yo.rim.or.jption exposure of nurses in interventional radiology
procedures is mainly accounted for by the exposure
that occurs when approaching patients during ﬂuo-
roscopy. If nurses call out to the operator before
approaching the patient, the operator can potentially
halt the ﬂuoroscopy and reduce unnecessary exposure to
nurses. The aim of this study was to compare nurses’
exposure when performing nursing tasks associated with
interventional radiology procedures depending on
whether or not the nurses called out to the operator
before approaching the patient.MATERIALS AND METHODS
This study was approved by the Ethics Committee of the
authors’ institution. All patients and all nurses provided
Komemushi et al ’ JVIR1196 ’ Radiation Dose of Nurses: Alerting the Operatortheir written informed consent. All nursing tasks in
interventional radiology procedures were performed
under the management of a radiation protection subchief
at the authors’ institution who held a First Class
Radiation Protection Supervisor qualiﬁcation. This
study was registered with University Hospital Medical
Information Clinical Trials Registry (UMIN000012328).Sample Size
The sample size needed to evaluate radiation dose when
comparing the mean values of continuous variables that
conformed to a normal distribution in the two groups
being tested using Student t test, assuming a mean value
of μ1 ¼ 0.5 in the control group, μ2 ¼ 0.1 in the
comparison group, and SD s ¼ 0.5, and taking α ¼ .05
and power ¼ 80%, was n ¼ 26 in the control group and
n ¼ 26 in the comparison group, for a total sample size
of n ¼ 52. In our institution, the number of procedures
in a typical month is 30, and so the study duration was
set at 3 months to ensure a sufﬁcient number of patients,
anticipating variation in the number of procedures
and protocol divergence. All nurses participating in this
study were women.
All nursing tasks during interventional radiology
procedures performed in our hospital during the period
from March through May 2012 were investigated.
Interventional radiology procedures were randomly div-
ided into a call group (in which the nurse called to theFigure 1. Radiation dose measurement. Radiation doses were measu
at the sternal level and inside at the umbilical level of lead aprons. The
10-mm tissue depth outside (Ha) and inside the lead apron (Hb).operator before approaching the patient) and a no-call
group. The randomized allocation sequence was con-
cealed from all nursing staff until interventions were
assigned. The random allocation sequence was generated
by computer software (Microsoft Excel 2010; Microsoft
Japan Co, Ltd, Tokyo, Japan). A.K. enrolled partic-
ipants and assigned participants to interventions.
Radiation doses during nursing tasks were measured
for all nurses engaged in nursing procedures. Radiation
doses of operators were also measured. In the call group,
the nurse ﬁrst told the operator she was going to
approach the patient each time she was about to do so.
In the no-call group, the nurse did not say anything to the
operator when she was about to approach the patient.
For each interventional radiology procedure, the name of
the procedure and the ﬂuoroscopy time were recorded.
When engaged in interventional radiology procedure
nursing tasks, the nurses wore radiation protective lead
aprons (lead equivalent, 0.25 mm Pb) (LO-S; Hosina Co,
Tokyo, Japan). Electronic pocket radiation dosime-
ters (PDM-117; Aloka Co, Ltd, Tokyo, Japan) were
attached at the sternal level on the outside of the
radiation protective lead apron and at the umbilical
level inside the apron (Fig 1). The parameters of the
electronic pocket radiation dosimeters were as follows:
energy threshold, 20 keV; detector, silicon solid-state;
energy response, 30 keV to 3 MeV within 30%
(calibrated by 40 keV of x-rays using a slab phantom);
accuracy, within 20% (10–9,999 μSv) (calibrated by 40red using electronic personal dosimeters attached on the outside
doses were assessed in terms of equivalent dose penetrating at
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10% (up to 30 mSv/h), within 20% (30–100 mSv/
hour), complying with International Commission
on Radiological Protection Publication No. 74. At the
completion of the nursing tasks for each procedure, the
measured values of the electronic pocket radiation
dosimeters for the 1-cm dose equivalent at the sternal
level on the outside of the lead apron (Ha) and the 1-cm
dose equivalent at the umbilical level inside the lead
apron (Hb) were recorded. Based on the 1990 recom-
mendations of the International Commission on Radio-
logical Protection (2), the effective dose (HE) was
calculated using the formula HE ¼ 0.11 Ha þ 0.89 Hb
for calculating HE related to external exposure when
exposure is nonuniform (3,4).
The nursing tasks performed in interventional radiology
procedures included helping the patient to move, sterilizing
puncture sites, observing patient condition, recording vital
signs and the progress of the procedure, handing sterilized
devices and medical agents to the operator, managing drip
infusions, and administering intravenous medical agents.
During ﬂuoroscopy, nursing tasks that required the nurse to
approach the patient were avoided as much as possible. A
workbench for nurses was set up in the examination room,
and the recording tasks were done on this workbench. As a
rule, nursing tasks during procedures were done in the
examination room, but nurses left the examination room
during digital radiography and computed tomography (CT)
scans. Figure 2 shows the layout of the examination room.
No protective screen was set up between the x-ray tubes
and workbench. The nurses’ workbench was arranged so
that their standard work position was on a straight line with
the x-ray tubes and operator. Even when the operator
moved away from a straight line with the x-ray tubes and
workbench, the spatial dose at the nurses’ workbench was
r 0.1 μSv/min during radioscopy.IR Procedure
Four physicians performed the examinations: a part-
time board-certiﬁed interventional radiologist who hadFigure 2. Layout of the angiographic room.been a licensed physician for 39 years, a full-time board-
certiﬁed interventional radiologist who had been a
licensed physician for 15 years, a full-time radiologist
who had been a licensed physician for 9 years, and a
part-time emergency medicine physician who had been a
licensed physician for 12 years. All of these physicians
performed the interventional radiology procedures
with due care for radiation protection. All procedures
were done under the management of a full-time board-
certiﬁed interventional radiologist who had been a li-
censed physician for 15 years.
All interventional procedures were performed under
a uniﬁed CT and angiography system (Advantx-ACT;
GE Healthcare, Milwaukee, Wisconsin), which com-
bines angiographic equipment (Advantx-LCAþ; GE
Healthcare) and CT equipment (HiSpeed LX/i; GE
Healthcare) with a single ﬂuoroscopy table (Omega 4
Angio Step; GE Healthcare). The system was not
equipped with a CT ﬂuoroscopy function. A movable
x-ray protective shield was used to protect the physician
performing the procedure from scattered radiation from
the patient. The ﬂuoroscopy table was equipped with a
protective shield to protect the physician’s lower body
from scattered radiation. A protective shield to shield the
nurse from scattered radiation was not used.
Statistical Analysis
Ha, Hb, HE, ﬂuoroscopy time, and procedure content
were investigated. Bias between the two groups in the
procedures was evaluated using χ2 test. Fluoroscopy
time and radiation dose were evaluated with one-way
analysis of variance. A P value o .05 was considered
signiﬁcant. All analyses were performed using StatView
for Windows (Version 5.0; SAS Institute Inc, Cary,
North Carolina).RESULTS
During the study period, 93 procedures were performed.
One nurse performed nursing tasks in 79 of 93 procedures,
and two nurses performed nursing tasks in 14 of 93
procedures, for a total of 107 nurse-procedures performed.
In the call group, 50 procedures and 58 nurse-procedures
were performed. In the no-call group, 43 procedures and
49 nurse-procedures were performed. These nursing tasks
were performed by ﬁve nurses. The radiation doses of
nurses and operators were measured in all procedures.
The largest number of interventional radiology pro-
cedures involved transarterial treatments for hepatocel-
lular carcinoma. There were no signiﬁcant differences in
the procedures performed in the two groups (P ¼ .70)
(Table 1).
The ﬂuoroscopy time per procedure was 10.15 min 
7.5 in the call group and 12.1 min  8.3 in the no-call
group. There was no signiﬁcant difference between the
groups (P ¼ .244) (Table 2).
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procedure in the call group and 8.79  12.70 μSv/
procedure in the no-call group, the operator dose of Hb
was 0.48 1.03 μSv/procedure in the call group and 0.65
 1.45 μSv/procedure in the no-call group, and the
operator dose HE was 1.40  1.96 μSv/procedure in theTable 1 . Procedures Performed in the Call Group and No-
Call Group
Call Group No-Call Group
Transarterial
chemoembolization/
transarterial infusion
31 28
Angiography 6 8
Trauma of spleen 1
Trauma of pelvis 1
Vascular stent 1
Balloon angioplasty for
dialysis access
1
Implantation of central venous
port catheter system
1 1
Measurement of portal vein
pressure
1
Venous sampling 1
Biopsy 4 2
Drainage 4 2
Total 50 43
Emergency procedure 3 (6.0%) 2 (4.7%)
Table 2 . Summary of Results
Fluoroscopy time (min/procedure)
Operator’s equivalent dose outside lead apron (Ha) (μSv/procedure)
Operator’s equivalent dose inside lead apron (Hb) (μSv/procedure)
Operator’s effective dose (HE ¼ 0.11 Ha þ 0.89 Hb) (μSv/procedure)
Nurse’s equivalent dose outside lead apron (Ha) (μSv/nurse-procedure
Nurse’s equivalent dose inside lead apron (Hb) (μSv/nurse-procedure)
Nurse’s effective dose (HE ¼ 0.11 Ha þ 0.89 Hb) (μSv/nurse-procedure
ANOVA ¼ analysis of variance; Ha ¼ 1-cm dose equivalent at the
equivalent at the umbilical level inside the lead apron; HE ¼ effective
applicable.call group and 1.55  2.54 μSv/procedure in the no-call
group. There were no signiﬁcant differences between the
groups (Ha, P ¼ .973; Hb, P ¼ .509; HE, P ¼ .761)
(Table 2).
In all the nursing tasks, the equivalent dose at the
umbilical level inside the radiation protective lead
apron (Hb) was below the detectable limit. The equiv-
alent dose at the sternal level outside the lead apron
(Ha) was 0.16  0.41 μSv/nurse-procedure in the call
group and 0.51  1.17 μSv/nurse-procedure in the no-
call group. The radiation dose was signiﬁcantly lower in
the call group (P ¼ .034). The effective dose (HE) with
nonuniform exposure was 0.018  0.04 μSv/nurse-
procedure in the call group and 0.056  0.129 μSv/
nurse-procedure in the no-call group. The call group
had a signiﬁcantly lower radiation dose (P ¼ .034)
(Table 2). No signiﬁcant difference was seen in nursing
task radiation dose among any of the operators (P ¼
.172) or nurses (P ¼ .571).DISCUSSION
The dosage rate near the x-ray tubes during ﬂuoroscopy
is exceedingly high (5). Most of the radiation exposure
during nursing tasks in interventional radiology proce-
dures is thought to occur when the nurse approaches the
patient during ﬂuoroscopy. When nurses are going to
approach patients, it is thought that if they alert the
operator to this beforehand, the operator can halt the
ﬂuoroscopy, and unnecessary exposure of nurses canCall Group No-Call Group ANOVA
10.15  7.5 12.1  8.3 P ¼ .244
0–29.6 (range) 0–29.4 (range)
8.85 (median) 11.4 (median)
8.88  13.38 8.79  12.70 P ¼ .973
0–72 (range) 0–76 (range)
4 (median) 5 (median)
0.48  1.03 0.65  1.45 P ¼ .509
0–5 (range) 0–7 (range)
0 (median) 0 (median)
1.40  1.96 1.55  2.54 P ¼ .761
0–8.8 (range) 0–14.6 (range)
0.44 (median) 0.66 (median)
) 0.16  0.41 0.51  1.17 P ¼ .034
0–2 (range) 0–6 (range)
0 (median) 0 (median)
Below detectable limit
in all cases
Below detectable limit
in all cases
NA
) 0.0176  0.045 0.0561  0.129 P ¼ .034
0–0.22 (range) 0–0.66 (range)
0 (median) 0 (median)
sternal level on the outside of the lead apron; Hb ¼ 1-cm dose
dose of nonuniform exposure (HE ¼ 0.11 Ha þ 0.89 Hb); NA ¼ not
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signiﬁcantly lower in nurses in the call group.
Chida et al (6) recommended using two monitoring
badges for occupational exposure for interventional
radiology procedures. Two monitoring badges were
also used in the present study to calculate the effective
dose of nurses.
There are differences among reports on radiation
doses of nurses. We previously reported that the radia-
tion dose of nurses in interventional radiology proce-
dures was an effective dose of 0.14 μSv/procedure (1).
Chida et al (6) reported that the effective dose of nurses
in interventional radiology procedures was 1.41 μSv/
procedure, and Korir et al (7) reported that the effective
dose of nurses in interventional radiology procedures
was 30–1,160 μSv/procedure. In this study, the radiation
dose of nurses in interventional radiology procedures
was much smaller than in past reports in both the call
group and the no-call group.
During the study period, the people involved may
have had a higher awareness of radiation exposure than
usual, and they may have taken more care than usual to
protect against radiation exposure. Racadio et al (8)
reported that a radiation dose monitoring system that
provides real-time feedback to the staff can signiﬁcantly
reduce radiation exposure to the primary operator.
The possible limitations of this study include the
following. The study was done with a limited number
of operators and a limited number of nurses in a single
institution. The measured radiation doses in this study
were very low, and it may be that there were exposures
below the detectable limit of the measuring instru-
ments that were not measured. Limitations existed in
the method of calculating the effective dose used in
this study.
In conclusion, a prospective comparison of the radi-
ation dose to nurses when performing nursing tasksassociated with interventional procedures depending on
whether or not they called to the operator before they
approached patients was conducted. Radiation doses of
nurses were kept low in the group in which the nurse
called to the operator before she approached the patient.
Radiation doses of nurses in this study were much lower
than in previous studies.ACKNOWLEDGMENT
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